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US Energy System ƿWhat will the net -zero CO2

system look like? 
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ÅCycle
ÅEfficiency and power output

ÅCombustor:
ÅOperability
ÅPollutant emissions
ÅFuel flexibility
ÅTurndown

ÅTurbine
ÅHeat transfer

H2 Interactions with Gas Turbine 
Performance Metrics

Fuel

Air



Flame Temperature

ÅPrimarily depends upon 
fuel/air ratio (f) and 
compressor discharge 
temperature

ÅPeaks near f=1
ÅH2 can be much hotter!

Methane and Hydrogen Adiabatic Flame 
Temperatures at 1 atm and a preheat of 300K
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Heating Value and Exhaust Products

(courtesy of B. Noble, EPRI)

*Assumes constant firing temperature and inlet conditions

Á H2O carries ~2X ƳƻǊŜ ΨŜƴŜǊƎȅΩ ǇŜǊ 
pound than CO2
ς This means you can add more 

energy (burned fuel) to raise air to 
the same temperature

Á Any other species you measure in 
dried exhaust will be concentrated 
as you add H2 (e.g., NOx)



Cycle Effects
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EFFICIENCY AND SPECIFIC POWER
(COURTESY OF B. NOBLE, EPRI)

Reference Point
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EFFICIENCY AND SPECIFIC POWER
(COURTESY OF B. NOBLE, EPRI)

CO2 Reduction

Higher Efficiency

Lower Power

Higher Power

Higher Efficiency

Lower Efficiency

Lower Power



Combustor Effects



ÅPremixed flames
ÅMixture stoichiometry at flame can be 

controlled

ÅMethod used in low NOX gas turbines

ÅNon-premixed flames
ÅFuel and air separately introduced into 

combustor

ÅMixture burns at f=1
Åi.e., stoichiometry cannot be controlled

ÅHot flame, produces lots of NOx and soot (if 
burning a hydrocarbon)

Premixed vs Non-Premixed Flames
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ÅOperability:
ÅCmpxpvu!)ǆtubujd!
tubcjmjuzǇ*
ÅFlashback and 
autoignition
ÅCombustion 
Jotubcjmjuz!)ǆezobnjd!
tubcjmjuzǇ*

ÅPollutant Emissions

Combustor/Fuel Interactions



ÅOperability:
ÅCmpxpvu!)ǆtubujd!tubcjmjuzǇ*
ÅFlashback and autoignition
ÅDpncvtujpo!Jotubcjmjuz!)ǆezobnjd!tubcjmjuzǇ*

ÅPollutant Emissions

Combustor/Fuel Interactions



ÅLow NOX /high 
velocity/low pressure 
make flame stabilization 
more problematic

Blowoff

Industry 
Advisory 

June 26,     
 2008 

 

Background: 

On Tuesday February 26
th
, 2008, the FRCC Bulk Power 

System experienced a system disturbance initiated by a138 
kV transmission system fault that remained on the system 
for approximately 1.7 seconds. The fault and subsequent 
delayed clearing led to the loss of approximately 2,300 MW 
of load concentrated in South Florida along with the loss of 
approximately 4,300 MW of generation within the Region. 
Approximately 2,200 MW of under-frequency load shedding 
subsequently operated and was scattered across the 
peninsular part of Florida. 
 

Indications are that six combustion turbine (CT) generators 
within the Region that were operating in a lean-burn mode 
(used for reducing emissions) tripped offline as result of a 
phenomenon known as ñturbine combustor lean blowout.ò As 
the CT generators accelerated in response to the frequency 
excursion, the direct-coupled turbine compressors forced 
more air into their associated combustion chambers at the 
same time as the governor speed control function reduced 
fuel input in response to the increase in speed. This resulted 
in what is known as a CT ñblowout,ò or loss of flame, causing 
the units to trip offline. 
 

 
 

 


